Measures of adherence were estimated using validated methods with physician prescribing and pharmacy dispensing data: primary non-adherence (medication never dispensed), early non-persistence (dispensed once, never refilled), and new prescription medication gap (NPMG; proportion of time without medication during 12 months after initial prescription). RESULTS: After adjusting for potential confounders, patients' perceived lack of shared decision-making was significantly associated with primary non-adherence (RR=2.42, p<0.05), early non-persistence (RR=1.34, p < 0.01) and NPMG (estimated 5 % greater gap in medication supply, p<0.01). Less trust in provider was significantly associated with early non-persistence (RRs 1.22-1.25, ps<0.05) and NPMG (estimated NPMG differences 5-8 %, ps<0.01).
LIMITATIONS: All patients were insured and had consistent access to and quality of care. CONCLUSIONS: Patients' perceptions of their relationships with providers, including lack of shared decisionmaking or trust, demonstrated strong associations with antidepressant non-adherence. Further research should explore whether interventions for healthcare providers and systems that foster shared decisionmaking and trust might also improve medication adherence.
INTRODUCTION
Among adults with diabetes, patient-provider communication and interpersonal aspects of care, such as patients' trust in their provider and perceptions of shared decision-making, are associated with medication non-adherence for cardiometabolic (blood pressure, lipid and glucose-lowering) therapies. 1 It is not known whether these potentially modifiable characteristics of the patient-provider relationship are similarly associated with initiation of and persistence to other medication types, such as antidepressant medications, and whether they are also important for adherence in the early stages of treatment. 2 The focus on early adherence is important, as one in five patients newly prescribed a cardiometabolic medication either never fills or never refills the prescription and fails to become an ongoing user. tia, and early mortality. [4] [5] [6] [7] [8] This association is substantial in magnitude; estimates suggest that smoking, poor diet, and inactivity may be increased by 30-100 % and the risk for adverse outcomes including dementia and mortality doubles when diabetes is complicated by depression. [5] [6] [7] However, depression is often unrecognized among patients with diabetes in primary care settings, and adequate antidepressant treatment is received by less than one-third of such patients. 2, 9 Premature discontinuation of antidepressant treatment is common, representing one contributor to low rates of adequate depression care. 10, 11 We recently reported that 40 % of adults with diabetes prescribed an antidepressant medication did not refill it after the initial dispensing, and two-thirds had discontinued within 12 months of initiating treatment. 12 Both limited health literacy and racial/ethnic minority status were independent risk factors for non-adherence. Less is known about whether potentially modifiable provider factors, such as communication patterns, are associated with antidepressant non-adherence and may serve as targets for interventions. 2 In this study of adults with diabetes, we examined whether the patientprovider relationship is associated with adherence for newly prescribed antidepressants across the acute, continuation, and maintenance phases of depression treatment. 13 This study was approved by the Kaiser Permanente Institutional Review Board.
METHODS

Participants
The Diabetes Study of Northern California (DISTANCE) Survey was conducted during 2005-2006 among members of Kaiser Permanente Northern California (KPNC), a large integrated healthcare delivery system that serves 30 % of the population of Northern California within the KPNC catchment area. We contacted an ethnically stratified random sample of adults with diabetes aged 30 to 75 years, with a final sample of 20,188 respondents (62 % response rate via Council on American Survey Research Organizations algorithm adjusting for eligibility). Participants completed a written (33.1 %) or web-based survey (15.2 %) in English, or a computer-assisted telephone interview (51.7 %) in English, Spanish, Cantonese, Mandarin, or Tagalog. Details of the design and methods have been described previously.
14 DISTANCE respondents were included in this study if they were newly prescribed a selective serotonin reuptake inhibitor, a serotonin-norepinephrine reuptake inhibitor, bupropion or mirtazapine during 2006-2010 (index prescription) based on physician orders in the KPNC electronic medical record; had not been dispensed any of these antidepressants in the 12 months preceding the index prescription; had continuous pharmacy benefits for at least 12 months before and after the index prescription; and responded to one or more survey items assessing patientprovider communication (Fig. 1) .
Shared decision-making was assessed with two items modified from the Interpersonal Processes of Care Instrument, 18, 19 one of which is similar to a CAHPS supplementary item (see Table 2 for specific item wording). 15, 20 To simplify the survey and improve consistency across items, the time frame (last 12 months) and response choices ("never", "sometimes", "usually", and "always") from the CAHPS were employed for all items. Items assessing trust and shared decision-making were analyzed individually and coded dichotomously as better ("always") versus worse ("never"/"sometimes"/"usually") quality, based on the distribution of responses, as few participants reported worse quality ( Table 2 ). The CAHPS communication items have high internal consistency 15, 21 and were combined to create a CAHPS summary variable for each participant who responded to as least two CAHPS items. A participant who answered "always" for all CAHPS items was classified as having better quality communication, whereas one who responded "never", "sometimes", or "usually" to any of the items was classified as having worse quality. Sensitivity models were conducted using a CAHPS summary score recoded to identify more serious communication deficits by averaging the responses for patients who answered two or more CAHPS questions. The summary score had a range of 0 to 3 and was dichotomized at > 1.5 (better quality) versus ≤ 1.5 (worse quality; n=160, 12.7 %).
Adherence
Medication adherence indicators were based on pharmacy utilization according to validated methods designed to assess adherence in newly prescribed medications. 3, 22 Primary non-adherence was defined as no dispensing of the index prescription. Early non-persistence was defined as the dispensing of the index prescription, without at least one medication refill within the period, defined by the number of days' supply of medication dispensed plus a grace period equal to the original days' supply. New prescription medication gap (NPMG) was calculated as the proportion of time that a person was without medication during 12 months after the initial prescription date based on the actual days' supply dispensed. 3 It is common for individuals to switch antidepressants early in the course of treatment because of side effects or lack of response, so if pharmacy data indicated a switch from the original medication to any other antidepressant medication under study, we counted dispensing of the new medication toward the adherence measure.
Data Analysis
We constructed a directed acyclic graph (DAG) (Fig. 2 ) based on our team's interpretation of a broad review of the literature, and applied established methods for analysis to identify potentially confounding variables and avoid errors from overadjustment of unnecessary variables in generating causal estimates of the impact of communication on adherence. 23, 24 Analysis of the DAG indicated that adjustments for age, gender, race/ethnicity, education, and health literacy were both necessary and sufficient, and those variables (described below) were included as covariates in multivariate models. Multivariate, modified log Poisson regression models were specified to provide a direct estimate of the relative risk of antidepressant non-adherence for those with better versus worse communication quality. 25 Modified least squares regression was used to estimate the mean absolute prevalence (predicted probabilities) of nonadherence for each communication group. 26 For the continuous outcome (NPMG), a generalized linear regression model was specified with the same covariates. Multivariate models were expansion weighted for the racestratified sampling design (non-proportional sampling fractions) and weighted for survey non-response using the HorvitzThompson approach. 27 Multiple imputation with 20 imputations was used for missing covariates, and an alpha level of 0.05 was set as the threshold for statistical significance. As sensitivity analyses, all models were repeated after excluding patients prescribed bupropion or duloxetine, both of which have Food and Drug Administration (FDA)-approved non-psychiatric indications, who lacked a chart diagnosis of a depressive or anxiety disorder within 1 year of the index prescription.
Covariates
The DISTANCE survey assessed demographic information (age, gender, race/ethnicity: white; African American; Latino; Asian American; Filipino; or other/multiracial/unknown, and education) and health literacy based on a validated instrument.
28,29 
RESULTS
Of 2,040 patients newly prescribed an antidepressant, those who responded to at least one communication item (75 %; n=1,523) had a mean age of 58 years, included more females, were 70 % minorities, and included many with low educational attainment or limited health literacy (Table 1) . Participants reported high ratings for the quality of their provider relationship, with only one-third to one-half of participants selecting the responses that were below the highest possible rating for individual survey items (Table 2) .
Primary Non-Adherence
Primary non-adherence for antidepressants, while not common (4.3 %; n=66), was strongly associated with patients' perceived lack of involvement in decision-making (RR=2.42, 95 % CI 1.13-5.16), and had modest but Figure 2 . Directed acyclic graph demonstrating covariate selection to estimate the effect of patient-provider relationship variables on antidepressant adherence. Shaded box: variable included in multivariate analyses. White box: variable excluded as potential confounder, and therefore not included in multivariate analyses. Solid arrow: causal pathways that do not confound the association between patient-provider relationship variables and antidepressant adherence. Dotted arrow: causal pathways that potentially confound the association between patient-provider relationship variables and antidepressant adherence in unadjusted analyses, but do not serve as confounders in multivariate models that include the variables identified in the shaded boxes. A directed acyclic graph was constructed based on published literature to illustrate the relationships between variables associated with patient-provider relationship quality and antidepressant adherence. All of the variables represented were available in the DISTANCE data set. An established process for analysis of a directed acyclic graph was applied to identify which of these variables were potential confounders of the association between patient-provider relationship variables and antidepressant adherence. 23 This analysis revealed that adjustments for the variables in the shaded boxes (age, gender, race/ethnicity, education, and health literacy) were necessary and sufficient to include in the analysis as covariates, while variables in the white boxes were excluded as covariates. The causal relationships shown in the grey dotted arrows are accounted for by adjustment for the identified covariates (age, gender, race/ethnicity, education, and health literacy), and therefore, the relationships shown in dotted lines do not confound the association between patient-provider relationship and antidepressant adherence. The remaining causal pathways (solid arrows) do not require adjustment because they do not function as confounders. This is visualized in the graph because variables with causal links to the independent variable (English proficiency and PCP choice have solid arrows to patient-provider relationship variables) do not have direct causal pathways to the dependent variable (there are no solid arrows from these variables to antidepressant adherence). Likewise, variables with causal associations with the dependent variable (all other variables in white boxes have solid arrows to antidepressant adherence) do not have causal associations with the independent variable (these variables do not have solid arrows terminating at patient-provider relationship variables).
nonsignificant associations with lack of trust on one item (patient's needs first RR=1.97, 95 % CI 0.97-4.00) and worse overall communication quality (RR=1.88, 95 % CI 0.89-3.99; Table 3 ).
Early Non-Persistence
Unlike primary non-adherence, antidepressant early nonpersistence was quite common (44.8 %: n=682), and was also significantly associated with all items indicating patients' perceived lack of shared decision-making (RR 
New Prescription Medication Gap (NPMG)
During the 12 months following the index prescription, adherence was poorer, as indicated by higher mean absolute proportion of time without a sufficient antidepressant medication supply (NPMG) among patients who perceived a lack of trust (43 % gap in medications versus 38 % for "confidence and trust", and 44 % versus 36 % for "patient's needs first", p<0.01) or a lack of shared decision-making on one survey item (42 % versus 37 % for "involvement in decisions", p<0.01). Patients who rated their physicians lower on these measures on average had between 19 and 30 excess days without antidepressant medications over the course of the year (Table 3) . Overall communication quality was not significantly associated with NPMG.
Sensitivity Analyses
In the sensitivity analyses that employed the recoded CAHPS variable indicating more severe communication deficits, worse overall communication quality was not significantly associated with primary non-adherence (RR= 1.63, 95 % CI 0.82-3.23) or NPMG (45 % gap in medications versus 39 %, p=0.07), but was significantly associated with early non-persistence (RR=1.40, 95 % CI 1.10-1.77). After excluding patients prescribed bupropion or duloxetine without a chart diagnosis of a depressive or anxiety disorder, the point estimates for the effects of relationship variables on adherence were largely unchanged, with minor changes in the confidence intervals.
DISCUSSION
Among adults with diabetes, patients demonstrated poorer antidepressant adherence when they perceived the provider relationship to be of poorer quality, particularly lacking trust or shared decision-making. These associations, which were adjusted for potential confounders (age, gender, race/ ethnicity, education and health literacy), varied across different stages of adherence during the first year, suggesting that different elements of the patient-provider relationship may have differing impact at each stage. Primary non-adherence more than doubled among patients who perceived less involvement in decision-making as compared to those who perceived more involvement. Although this pattern is perhaps unsurprising, the magnitude of this association was much greater than for other stages of adherence examined, suggesting that patients' perceptions of involvement may have particular significance for the initiation of new antidepressant treatment. Some associations between relationship quality and primary adherence were moderate in magnitude (overall communication quality RR=1.88; patient's needs first RR=1.97) but not statistically significant in this sample. Because primary non-adherence was so infrequent (4.3 %), the models had limited statistical power to detect significant associations.
Early non-persistence was very common (45 % of this sample) and substantially more prevalent than we previous- * Participants responded "never", "sometimes" or "usually" as opposed to "always" ly observed for cardiometabolic therapies (18 %), 3 indicating that many patients never refilled their prescription and thus failed to become ongoing users. We found that patients' perceptions of low trust and shared decisionmaking were significantly associated with never refilling antidepressants after the initial dispensing, with similar patterns for NPMG, the integrated measure that summarizes non-adherence over the first year of treatment. In contrast, overall communication quality was not significantly associated with either early non-persistence or NPMG in our primary analyses. This less robust association was confirmed by the sensitivity models, in which severely impaired overall communication was not significantly associated with primary non-adherence or NPMG, but was associated with early non-persistence. Our findings are consistent with a recent study that reported that antidepres- Models adjusted for age, gender, race/ethnicity, education, and health literacy * Worse quality: For Trust and Shared Decision-Making items, participants responded "never", "sometimes", or "usually." For CAHPS Summary Score, participants responded to at least two items and responded "never", "sometimes", or "usually" for at least one of these items † Better quality: For Trust and Shared Decision-Making items, participants responded "always." For CAHPS Summary Score, participants responded to at least two items and responded "always" to both items sant adherence was associated with specific types of patient-provider communication that displayed more empathy and elements of motivational interviewing, a technique consistent with shared decision-making. 30 These findings suggest that measures of overall communication quality may be too general, and less sensitive than indicators of those specific aspects of patient-provider relationships when examining associations with outcomes such as medication adherence.
These findings are similar to previous work in the DISTANCE sample in which we found poor adherence to cardiometabolic medications was associated with poorer communication quality. 1 However, the current study extends the literature on communication and medication adherence in demonstrating the strong association of shared decision-making and patient-provider trust among a new prescription cohort and during the earliest stages of treatment when treatment discontinuation is most likely to occur. The importance of understanding the correlates of early adherence, such as shared-decision making and trust, is underscored by a recent study that found that 22 % of patients prescribed an initial cholesterol lowering medication and 8 % prescribed a cardiovascular medication never filled their initial prescription. 31 Although not directly comparable, we note that the adjusted effects of trust and shared decision-making on antidepressant early non-persistence (8-11 % greater prevalence of early non-persistence, Table 3 ) were almost twice as large as the effects for these same variables on secondary cardiovascular medication adherence (4-6 % greater prevalence of non-adherence based on continuous medication gap). 1 Further research is warranted to identify reasons underlying the larger communication effect for antidepressant adherence relative to cardiovascular medication adherence. Potential explanations could include differences in the side effect profiles of these classes of medications (i.e., communication patterns might be more important for initial adherence among patients who are concerned about or experience side effects); differences in patient or provider perception of the benefit of the medication; differences among a new prescription cohort versus established users; or methodological differences between the studies.
Patient-provider relationships are potentially modifiable, and these findings suggest ways providers may further help patients with depression. Research has shown that adherence to antidepressant medications is improved when treatment is provided in the context of a team-based collaborative care model. 32, 33 Our findings are consistent with research demonstrating that models of care that are effective in improving antidepressant adherence provide opportunities for an enhanced relationship between a patient and his/her primary care team through frequent contacts, outreach, and support by care managers, as well as psychoeducation and care coordination. An extension of the chronic care model, the 'health literate care model', applies a 'universal precautions' framework in advocating for the institutionalization of practices at both the level of individual providers and the healthcare system, many of which are intended to promote trust and foster improved patient-provider relationships. [34] [35] [36] Future research on adherence interventions may wish to emphasize methods that can help providers prioritize efforts to foster trust and a positive therapeutic alliance through shared decision-making with patients. It would also be important to evaluate whether tailored interventions that may emphasize different aspects of the relationship based on individual patient characteristics, such as health literacy or others, provide further benefit in addition to a 'universal precautions' framework. The sample size in this study, although reasonably large, restricted our ability to detect associations between rare outcomes, such as primary non-adherence, and aspects of the patient-provider relationship. Lacking adherence at the early stages of antidepressant treatment is an important clinical problem, and our findings suggest that future research may wish to pay particular attention to interventions that impact primary non-adherence and early nonpersistence. The scope of this problem may be greater in settings outside KPNC, where all patients were insured and had convenient access to on-site or mail order pharmacy services.
Some other study limitations and strengths should be noted. Although participants reported on the provider relationship quality in 2006, some patients did not receive an antidepressant prescription for several years after the survey, and we were unable to verify whether the provider who prescribed the antidepressant medication was the same as the one the patient reported about in the survey. This limitation introduces some measurement error that would decrease our ability to detect a true association between relationship quality and adherence; thus, our findings are likely conservative. However, patients in this study did have long-term relationships with their primary care providers, with the average duration being over 6 years. Thus, our findings of consistent associations between the patient's perception of relationship quality and subsequent medication adherence support the durability of this association over longer intervals of time.
Antidepressant adherence was estimated based on pharmacy utilization data according to validated methods, 3 thus extending the literature on associations between communication and antidepressant adherence to include objective measures. Dispensing records likely overestimate adherence (as dispensed medications may not have been consumed), although we assume such misclassification is likely similar across communication quality and thus not biasing the associations. Some patients may have been referred for psychotherapy for depression; however, this is also unlikely to have introduced a systematic bias to the observed associations. Psychotherapy is an uncommon treatment approach among depressed patients with diabetes, as illustrated by research in another setting demonstrating that 93 % failed to receive a minimal treatment course (four sessions).
Our findings arise from a large and diverse patient sample (approximately 30 % of the population within the KPNC catchment area), and therefore should be applicable to a population with varying socioeconomic conditions who are cared for in settings with consistent access to and quality of care. Thus findings may not generalize to uninsured patients.
Specific aspects of the patient-provider relationship, shared decision-making and trust, may influence adherence to antidepressant medications at the initiation of treatment and over the course of 12 months. These effects are independent of patient characteristics, including health literacy and education. Inadequate medication adherence across stages of treatment and across medication classes is common and a pressing public health concern. Because the patient-provider relationship is potentially modifiable, this serves as a promising target for interventions to improve adherence. Relevant interventions to encourage providers to engage in shared decision-making and facilitate trust and communication can be developed at the level of the individual provider, clinic, provider network, or healthcare system. Further research is needed to examine whether such provider or structural interventions focusing on improving the patient-provider relationship will actually improve treatment adherence.
